Introduction
Human herpesviruses cause various acute, subacute, and chronic disorders of the central nervous system (CNS) and peripheral nervous systems in adults and children. Among herpesviruses, herpes simplex virus (HSV)-1 and -2 cause a wide spectrum of clinical manifestations like meningitis, encephalitis, myelitis, etc., in the CNS of infants as well as adults.
Molecular diagnostic assays using polymerase chain reaction (PCR) are the standard methods for detecting herpesvirus infections of the CNS. HSV DNA detection in cerebrospinal fluid (CSF) is used to define CNS infection and PCR testing of CSF has become gold standard [1] [2] [3] .
PCR analysis by real-time monitoring of DNA amplification reactions has previously been described [4] . Since real-time PCR allows a rapid detection of viral genomes in clinical specimens and is easy to use in a clinical laboratory, different real-time PCR assays for the detection of HSV have been developed [5] [6] [7] . On the other hand, a quantitative system using real-time PCR assay has recently been developed to measure viral load of HSV [8] [9] [10] [11] . Quantification of HSV DNA has also been used as a means of evaluating the antiviral effects of candidate drugs [12] . Quantification of viral load may be useful for assessing the prognosis and may provide additional information for management of HSV infection.
There are very few documented studies for determining the incidence of herpes simplex encephalitis (HSE) in India [13] [14] [15] . In the present study, a quantitative realtime PCR assay (qPCR) for HSV was evaluated in a 4-year retrospective study that included children and adults with herpes simplex infection of the CNS admitted to a neurological institute at Nagpur, India. The qPCR assay was evaluated retrospectively in 242 CSF samples from patients with the aim to study the concentration of HSV genome as a prognostic marker. The prevalence of the type of HSV in the study population was also determined using type-specific real-time PCR analysis. The aim is to investigate the range of the HSV genome concentration in initial samples and to evaluate possible relationships between the HSV DNA concentration in CSF with that of patients' clinical and laboratory manifestations. The age, gender, duration of disease, and severity of disease for patients with high and low viral load were compared. The effect of acyclovir therapy on the levels of HSV DNA was determined for 4 patients. The objective of this paper is to summarize the experience gained with the estimation of viral load in the CNS of patients with HSE at our institute by qPCR assay within past 4 years.
Materials and Methods

Patient Selection and Samples Collection
The Central India Institute of Medical Sciences (CIIMS), Nagpur, is a tertiary referral center. Patients with suspected cases of HSE who were admitted were enrolled in this study. Criteria for suspicion of HSE were the presence of fever, altered mental status (low level of consciousness, behavior or personality changes) and other clinical manifestations (e.g. focal neurological deficits, seizures). Neurological diagnostic investigations were performed during the first week of hospitalization; these investigations included the AFB and Gram stain, bacterial culture, HIV status, determination of the protein, sugar level and cell counts in CSF, computed tomography (CT) scan and magnetic resonance imaging (MRI) of the brain. In CT, plain/contrast imaging of the brain was done, whereas for MRI T1-and T2-weighted, diffusion-weighted imaging and fluid-attenuated inversion recovery images were taken. A total of 102 CSF samples of patients initially suspected for HSE were tested using PCR assays. All patients diagnosed with HSE were treated intravenously with acyclovir (30 mg/kg b.w./ day) for 8-21 days. The clinical outcome for each patient was assessed. Patients were re-examined at the time of completion of treatment. Morbidity was defined as previously reported [16] . The outcome was assessed in terms of mild, moderate or severe impairment; normal clinical recovery, or death. The initial CSF samples were drawn from all the patients except 2, diagnosed with HSE before treatment with acyclovir. CSF samples were obtained from some of the patients whenever possible during treatment. In addition to that, 140 CSF samples from patients with other viral encephalitis, tuberculous, pyogenic or fungal meningitis and noninfectious neurological disorders such as hypertension, status epilepticus, stroke, etc., were also analyzed to test the specificity of the PCR assays. Clinical data was prospectively collected on case record forms. Informed consent was obtained from all patients. The Institutional Ethics Committee of CIIMS, Nagpur, approved the study.
DNA Extraction
The genomic DNA was extracted from 200 μl of CSF samples from patients by using a ZR Viral DNA kit (Zymo Research, Irvine, Calif., USA) according to the manufacturer's protocol. The viral DNA was eluted from the Zymo-Spin IC columns in a volume of 20 μl of elution buffer and was further used in PCR.
Quantitative Real-Time PCR Assay
The set of primers used for HSV has been described by Cunningham et al. [17] and Lakeman and Whitley [18] (5 ′ -ATC AAC TTC GAC TGG CCC TT-3 ′ and 5 ′ -CCG TAC ATG TCG ATG TTC AC-3 ′ ) which generate a 179-bp product of the DNA polymerase gene after amplification. Amplification and quantification was done based on the principle of SYBR Green ® technology. The amplification reactions were carried out in a total volume of 10 μl, containing 1 μl of template DNA, 5 μl of Power SYBR ® Green PCR Master Mix (Applied Biosystems, Foster City, Calif., USA), 1 μl each of (0.5 μ M ) forward and reverse primer, and 2 μl of sterile water. The amplification conditions consisted of preincubation at 95° for 10 min and two steps (40 cycles) at 95° for 15 s and 65° for 1 min. The quantification cycle (C t ) was calculated as the cycle number at which the concentration increase became exponential. The specific target amplification was analyzed by melt-curve analysis of the Applied Biosystems StepOne Real-Time PCR Systems, which consisted of first melting step at 95° for 15 s, annealing at 60° for 1 min, and second melting step at 95° for 15 s.
Standard Curve
To quantitate viral DNA, a standard curve was obtained for each experiment by co-amplification of known amounts of HSV DNA (determined spectrophotometrically). Seven consecutive dilutions (dilution factor 1: 10) were prepared containing from 10 6 to 10 1 copies/reaction. The amounts of HSV DNA in samples were obtained by plotting C t values onto the standard curve. 3 (5 ′ -AACGCGTCCTTGTTCTCGGC-3 ′ and 5 ′ -TGAGGCGC-GATTCTGGATGC-3 ′ ) and that of HSV-2 were (5 ′ -ATAGCAGC-CACCCGAACTACCC-3 ′ and 5 ′ -TGACCCCAGAAACGACGT-GC-3 ′ ) which generate 127-and 144-bp product respectively upon amplification. Amplification was done based on the principle of SYBR Green technology. The amplification reactions were carried out in a total volume of 10 μl, containing 1 μl of template DNA, 5 μl of SYBR Green PCR master mix, 1 μl each of (0.5 μ M ) forward and reverse primer, and 2 μl of sterile water. The amplification conditions consisted of preincubation at 95° for 10 min and two steps (40 cycles) at 95° for 15 s and 58° for 1 min. The specific target amplification was analyzed by melt-curve analysis which consisted of first melting step at 95° for 15 s, annealing at 60° for 1 min, and second melting step at 95° for 15 s.
HSV-1 and HSV-2 Real-Time PCR Assay
Statistical Analysis
The results are expressed as mean ± SDs. All the analyses were done by the χ 2 test, t test and Fisher's exact test using the MedCalc software for statistical analysis.
Results
A series of samples was collected from patients with suspicion of HSE, admitted to our institute from 2008 to 2011. Out of a total of 102 CSF samples of patients initially suspected for HSE, 25 CSF samples of HIV-negative individuals were found to be positive for the presence of HSV by real-time PCR assay using primers targeting the DNA polymerase gene, whereas the remaining 77 were found to be negative by the assay. In addition to that, 140 CSF samples from patients with other CNS infectious or non-infectious neurological disorders were found to be negative by the qPCR assay.
A known amount of HSV DNA was taken in tenfold serial dilutions from 10 6 to 10 1 copies of HSV genome to generate a standard curve in the qPCR assay. The limit of detection was found to be 10 copies of HSV genome to be detected by this assay. A linear quantification was achieved with each of the 1-log dilutions of the HSV DNA standards up to 10 copies of the HSV genome. The standard curve had a slope value of -3.708 with a regression coefficient (R 2 ) value of 0.997. The quantification cycle (C q ) values from clinical samples were plotted onto the standard curve and the copy number of HSV genome were calculated per milliliter of CSF samples. No amplification was produced in the no-template control reaction consisting of sterile water instead of target template. The melt-curve analysis of the real-time PCR assay showed a T m of 85.0-85.5° whenever there was presence of HSV DNA in the samples.
As shown in table 1 , the number of HSV DNA copies detected in the 25 clinical samples varied from 1.2 × 10 1 to 4.1 × 10 6 copies/ml of CSF. The age and gender-wise distribution of patients has also been noted in the abovementioned range. Table 2 shows the division of patients into two groups of high HSV DNA load (>10 4 copies/ml of CSF) and low HSV DNA load (<10 4 copies/ml of CSF). The groups were divided based on the results of a minimum p value approach to predict the moderate to severe clinical manifestation of HSE based on clinical and laboratory investigations. The difference between the mean age of patients in the two respective groups of viral load did not show any significant variation (p = 0.1284). However, the duration that the patient had been ill prior to obtaining the CSF specimen and the duration for which acyclovir had to be administered was significantly more in the higher viral load group compared to that of the lower viral load group (p = 0.0115 and p = 0.0028, respectively). On comparing the CT/MRI scan results of the two viral load groups, it was observed that the lower viral load group had a higher percentage of cases (75%) with normal CT/MRI scan in comparison to the higher viral load group. Thus, the number of cases with detectable lesions in the brain as revealed by CT/MRI scan procedures were significantly more (84.61%) in the higher viral load group when compared with the lower viral load group (p = 0.0048). Abnormalities revealed by CT included hypodensities involving temporal lobe and occipital lobes, parafalcine frontal cortex, cerebellum, thalami and corona radiata. MRI showed gyral edema, hyperintensities in cingulate gyrus, hippocampus, insular/parietal/parasagittal/parafalcine/perisylvian cortex and temporal or frontal lobe lesions. There were 7 out of 25 patients, 2 in the low viral load group and 5 in the high viral load group, in whom the lesions were visible in MRI only, while the CT was found to be normal. The assessment of clinical outcome showed that 11 patients (84.61%) in the high viral load group had moderate levels of impairment, 1 (7.69%) returned to normal function, whereas 1 patient (7.69%) died and the other (7.69%) had severe levels of impairment. In the low viral load group, 7 patients (58.33%) regained normal function, 4 (33.33%) had mild to moderate levels of impairment, whereas 1 patient (8.33%) died.
Other clinical parameters such as seizures, vomiting and headache and extent of neurological impairment using the Glasgow Coma Scale were also determined in the patients. However, no significant variation was obtained between the two groups. CSF in the patients of both the group was analyzed for total leukocyte count, polymorphs, lymphocytes, eosinophils, monocytes, sugar, and protein ( table 3 ) .
For the determination of the detection limit of a known amount of HSV-1 and HSV-2, DNA standards were taken separately in tenfold serial dilutions from 10 6 to 10 1 copies of HSV-1 and HSV-2 genome. The limit of detection was found to be 10 copies of HSV genome to be detected by both the assays. The cross-reactivity of primers of both the viruses was checked by subjecting from 10 6 to 10 1 copies of HSV-1 to be amplified in the presence of HSV-2 primers and vice versa, respectively. The meltcurve analysis of the real-time PCR assay showed a T m of 84.5-85.0° for HSV-1 DNA and 85.5-86.0° for HSV-2 DNA. Out of 102 HSE suspected CSF samples, 25 samples positive by qPCR assay of the DNA polymerase gene target were also found to be positive by HSV-1 PCR assay, whereas none of the samples were positive by HSV-2 PCR assay. In the 140 CSF samples from patients with other CNS infectious or non-infectious neurological disorders tested by both the assays, none was found to be positive for the presence of HSV-1 or HSV-2.
Consecutive CSF samples were obtained from 4 patients, 2 each in the high and low viral load group. As shown in table 4 , there was a decline in the viral load of patients on acyclovir treatment, with a marked decrease obtained on collection of CSF samples on the 7th and 12th days of treatment in patients 1 and 10, respectively, in the high viral load group. In patient 19 of the low viral load group, there was a decrease in the viral load on the 7th day of acyclovir treatment, however the HSV copy number in patient 22 remained almost static after the 7th day of acyclovir treatment.
Discussion
In the present study, gender, age, duration of disease and severity of disease were compared between patients with amounts of HSV DNA <10 4 or >10 4 copies/ml of CSF. A more severe disease was found in the group of patients with >10 4 HSV copies/ml of CSF. The number of patients with lesions in the brain seen by CT/MRI scan were more in the high viral load group compared to the low viral load group, and the difference was statistically significant (p = 0.0048). CT/MRI increases the likelihood of a positive PCR, however patients with such findings can be negative by PCR and some PCR-positive patients with less severe forms of HSE have normal CT scans [19] . The duration of onset of disease before the CSF had been collected was almost two times longer in the group of patients with ≥ 10 4 HSV DNA copies/ml of CSF. These data confirm the need for the early introduction of antiviral treatment in order to reduce the amount of virus replicating within the CNS and improve the clinical outcome [20] . The number of days for which acyclovir had to be administered (p = 0.0028) and the patient had to be conservatively managed in the hospital so as to achieve an improved outcome of the patients, were significantly more in the patients of the high viral load group than in the low viral load group. After completion of treatment, nearly 85% of the individuals in the high viral load group had moderate levels of impairment, suggesting that there are more chances that the patient would develop severe neurological sequelae in correlation to viral load and that even death can occur in some cases. In the low viral load group, 7 patients (58.33%) regained normal function while 4 (33.33%) had mild to moderate levels of impairment, suggesting that either the early introduction of antiviral therapy (as duration of onset of disease before the CSF had been collected was almost two times lower in the group of patients with low viral load) or the low viral load resulted in minimal neurological sequelae in this group. One of the patients of the low viral group died in spite of acyclovir therapy, which could suggest the presence of drug-resistant HSV mutants in this individual as discussed below.
In this study, follow-up CSF specimens from 2 patients each both in the high and low viral load group were available for assessment of the response to antiviral therapy. A decline in the number of HSV copies presents a distinct clinical advantage in patients receiving antiviral medications, which helps to ensure adequate suppression of virus replication in order to monitor for the emergence of drugresistant HSV mutants. The number of cases of which serial samples were available is limited to draw valid conclusions from the results in this study. However, it was observed that the 2 patients of the higher viral load group required longer duration of acyclovir therapy so that the virus become undetectable by the qPCR assay in comparison to 1 patient of the lower viral load group who required shorter duration of therapy. The time taken for the clearance of viral load from CSF may reflect the differences in pathogenesis and host response. In this context, a study found that the greater the load of the organism, the longer the PCR remains positive in the serial samples of patients during the course of treatment [21] . The results were indicative of some association between the initial load of the organism and the duration of treatment. One of the patients of the low viral load group clinically responded well to the antiviral treatment with a decrease in the viral copy number, however the other showed an almost static number of virus particles in the CSF after the 7th day of treatment. Viral drug resistance should be suspected and studied for patients with no decline in viral DNA levels. In this context, there are recent reports that have demonstrated a relationship between virus load and the propensity to develop drug-resistant mutants [22] . There are only two studies from India reporting the prevalence of acyclovir resistance among the studied HSV isolates [23, 24] . Therefore, molecular studies such as qPCR assay could be adopted to determine the presence of resistant HSV isolates in this geographical location. Quantitative analyses of viral load have been shown to be useful for the evaluation of human herpes virus infections of the CNS. It has been reported that the detection of HSV DNA in CSF by PCR represents a valuable tool for the early diagnosis of HSE. There are several studies reporting the PCR method as a rapid, sensitive and noninvasive means to diagnose HSE in comparison to that of a more invasive diagnostic approach, such as brain biopsy. PCR detection of HSV DNA in CSF specimens is considered as an emerging 'gold standard' for the laboratory diagnosis of CNS infections with this virus [25] . Real-time PCR has been introduced recently for the detection of HSV genomes in the CSF. In a study, a molecular assay based on real-time PCR on the LightCycler ® instrument was evaluated for rapid detection and quantification of HSV DNA in the CSF. It has been shown that quantitation of HSV viral load may be useful for assessing the prognosis, and may provide additional information for the management of HSV infection [26] . Studies have been done for evaluating the role of real-time SYBR Green PCR compared to that of real-time TaqMan ® assay and in two studies it was found that real-time SYBR Green PCR was equally sensitive in detecting dengue infection compared to real-time TaqMan assay, but the SYBR Green assay was found to be an economical alternative to TaqMan assay for diagnostic purposes as the use of SYBR Green reduced their material costs for diagnosis by half compared to other methods that used probes [27, 28] . Another study reported that the SYBR Green-based assay was as sensitive as the TaqMan assay for West Nile virus, and it detected 100% of possible West Nile virus target region variants which TaqMan assay failed to detect [29] . SYBR Green-based qPCR provides a rapid, easy and accurate diagnosis of herpes virus CNS disease including viral load as supplementary information. However, in India as of today, HSE appears to be underdiagnosed, probably due to lack of awareness and sensitive diagnostic facilities. Epidemiological studies for viruses are not available in many parts of the country due to lack of virology research laboratories. Thus, the percentage of cases of viral encephalitis and proportion of HSE are difficult to estimate. There are no documented studies from India for the determination of viral load by real-time PCR in HSE patients. Nevertheless, a few studies have addressed the potential utility of quantitation of HSV DNA in CSF samples from HSE patients as a prognostic marker and for assessing the response to antiviral therapy. The results presented in this study provide observations regarding the diagnosis of HSE and the correlation of viral load with that of the patients' clinical and laboratory manifestations in a 4-year retrospective study undertaken in a hospital setting. There are two HSV genotypes (HSV-1 and -2) causing different clinical outcomes in different patient populations. Real-time analysis using type-specific primers revealed the presence of predominantly HSV-1 genotype in the study population.
Conclusions
The results show that the determination of viral load offers a definite advantage in the detection of the relatively lower levels of viremia (up to 10 copies of genome) and establish and compare the clinical characteristics of patients associated with the levels of HSV DNA in the CSF. It was found that significantly higher viral loads were clearly associated with the severity of neurological disease. In conclusion, the qPCR assay can be used as a prognostic marker since patients with higher viral loads of HSV-1 in their CSF are more likely to develop more severe neurological impairment while considering the presence of lesions, the duration of acyclovir therapy and clinical outcome of the disease at the time of completion of treatment. Viral load determination can be of potential utility for monitoring antiviral therapy in patients with HSE. A decline in the number of HSV copies was observed and the patients clinically responded to acyclovir therapy in the high viral load group. One of the patients of the low viral load group had an almost static number of virus particles in the CSF after treatment. This observation presents a distinct clinical advantage in patients receiving antiviral medications, which helps to ensure adequate suppression of virus replication in order to monitor for the emergence of drug-resistant HSV mutants.
